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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cascade 
transconductor circuit for controlling the transconductance of a 
differential stage having an active load where a cascade or 
folded cascade current follower is provided at a later stage in 
discrete steps. 

SOLUTION: The circuit comprises the transconductor for 
receiving first and second input voltages and for outputting 
first and second internal currents, a first resistance divider for 
receiving the first internal current at a first node that is 
selected digitally and for generating a third internal current at 
a third node, a second resistance divider for receiving the 
second internal current at a second node that is selected 
digitally and for generating a fourth internal current at a fourth 
node, and a cascade circuit for receiving the third and fourth 
internal currents and for supplying the first and second output 
currents. 
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im^m 1 1 mi 7<timmRxfm 2 xtim^^^^m 
mmm 1 t^tjiRv^mmm 2 i&mt. m 1 ssit^^ ^ 

SrJf^^b. 10 

tfif5lllS^y^^>'M>5^i:i. tulBH 1 y - KTSufsm l 

^ 2 y - K i ^4 y - K i: <^Pp1{C^Jgg^tlfc» 3 Sfet 

t. 

ti)l2^ 2 ^tjir'-f ^<-( BulEH 2 y — KT*mii2ll 2 20 

ittl;'j«»ft^u^^2aiy:;msft*flt*&-r5;^;^='- KHi^ 

[it^S^S 31 m A;^«E:Rt>*^ 2 Ayjliffi«r§{tm 
•9. mi f^^®S5KS.U^m2l^g|5®SE*ttS;^"r5 

m2 y-Yx-mmm2\^^mm.^§:^^mv . m4y-K 
{cm 4 [^^mM^m±^^^m2 ntTim^m t . 
mmm3\^umm.Rxfmmm4\^nmm.^^{'f^^. m 40 
1 mt}m.mRx^m 2 m:hmm^mf^'r^ = - kieik 

. ;«7>^=i- KT-fe^lf*3S3t;ifE^O:^;^=^- K • 

ifi*« 6 1 H(fi5s 1 mm'&mt'^. 
m^mz j—Y}im^ j-Yh(omzjMM\z,^m,^M^ 50 



(p + i) m<omiy^^ y^h^^x^. 

m 1 Sfeti^-^ix^*tL;65mj|E (p + l) i@co|| 1 >^-f :y ^ 
(7)P^co-otcS^$;h.^ J: SiJiE (p + 1) {@c7)m 
1 ^^-Y :y^o^;tx-eix;Os tuielliy-Ki:> SufapflS 

co^ 1 mm<D\^<D—-o(Dm i eet^T^asgp t $ 

fli||5m2Si7LlH]^^;i^ 

mmm4 y — Ytmmms y-Yt(Dm{:im^^n^mm^ 
tifcpm(om2m:i7it. 

(p + l) fflc7)M2;^^ :y^i:^^L. 
m2}gfetO-^ix-etL;^stf|f2 (p + i) m(Dm2:p^^ y^ 

<7)P^(7)-otcajgs$tL§j:9t-. tuiE (p + l) m(Dm 

2:^^ y=^(0^ti^fit^^ tfjfS^2 y-Ki. ttrlEpffl 
com 2 SJn:c0f^O-O<7)m 2 jgfetOiffigP t (OmK^m^ 

p 1 J: t V ^fi^T* fe ^5 W*:^! 3 \z.mWL(0-^ ^ - 

Ift*JSlOl SuiBmi;^-r :y^col^^^- 

xmzhn^m^m6{cmm<Dtf::^=i-Y' V^yl^:^^ 
[fS:*«l 1] mmmi^^ y^Rl^mmm2^^ y 

^<D^n^*tm^ mm(r)mmi^^<D[^(D—::>\cx<^xm 

[lt*^l 2] mmmi:^-( :y^^t/SufSm2^-r :y 
:^iyy^^^m'r^n^m6{cmm(D:^:^=t'-Y ' h'y^ 

[it*:« 13] mi ^(Drnimm ii&tn.tmi #<^tuis 

m2SSLt;5S|^i:fig*j^-ib. i^^lf)>hp^X<DmmiX 
h^m^m6\zum<D:^:^=^—Y' V'pi^:^^:^^^ ^ 

[ft*:® 1 4 1 mi T^tim^RtJm 2 A;^«E^Stt 

s^«9. mii^a5m8fE2iu^m2rta5mgfc^a;^-r5 h^v 
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{zm 3 p^nmm^^^^^^m i - n rihik^ t . 
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ti^^Mmm (p-i) m(Dm2i&m.(D]^(7:>-^icmm 20 
^tL5J:5(-. stris (p-1) m<om2m7i<D^f\.^ti 

-^K MiaSsy— Kt. tul5pfflcomiS6toi^(Oz:o 

mmmim.tfi<o^ix'eMmm (p + d m<Dmi:^^ 

:y^cort<^i:olcagig^^x5 J: BUlB (p + 1) <B 
SuiSm 2 COR - n RlHUeS^dS. 
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(p-l) <@(^^4}gi7Li:. 
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est. mm (p-d flioii2®i7i. mm (p 

- 1 ) m<Dm 4 igJrL(i:^T. tulE^ 1 j&taMOS^^^ 
^^^^^bV^m2Sfet^i:S^}*oif*^l 7(;i|5«tD;^:^=t 

Umm 2 4 1 tulS^ 2 S$tM;55. miISS i }g*tmc> 
2fST*fo^fS*^2 3t;ifE«0;<7;^=3- K • h^v:^^! 

[0 0 0 1 1 

;^7^:y:7' (discrete steps) (C^^ V^TSJ^-^ 
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[0 0 0 2] 

"T—zl^m^ (tail current) t:iJ:5o DC 
[0 0 0 3] (Hi J*. ^^^(Dy^i^^/l-^{Z'yu^^M.-n! 
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10 fitassRc t. ^^{syssti^eRRL ifc^ftosstis 
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^^<Dm^^^t^^o ^(o-t\z.x^^ ^j.Ttmm(DVv 
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[0 0 0 81 rt^miiScofc^— o^j^Ctt. ^^T*fe5^ 

[0 0 0 9] aj^sijdi^s «r«g7i h ^ v;^ =2 ^^>$j^i^ ^ V 

m2(^)igmS V;^=3>-i$^i5'^ 2 1 0RXf^2 2 0 
^\t^h%3i^Xo:>^^—r-:f;\^ (tunable) • h ^ :^ 

mm'^mtiv'yi^'jy^^) ttuni , tt 

UN2 , RU^Ttun3 Vyl^y^^:^^^ ^ 2 1 0 

(DXtiURXJ^ Vy^^y^^ l^dT^ ^2 2 0 <DAti^(Dm\z, 

mm^tifzm^m<Dt&mRt. v'7>>^:=^>yi^^2\ 
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fi:. h^>v>>^^ Ttuni . T 

TUN2 , S.t/TTUN3 O T 37 — /U^^ 5/ K * 

>^=r— K (folded-cascode) c7)A;'ja5{CfS]tt ^tt5o 

— h^(Dj&^>^\i^—y>^7^mcio\,^X^f]r^tl. ttitim^ 

[0 0 12] • h^>'v^>^^ Ttuni 

TTUN2 , &UJTTUN3 (D^tl^^tl^^. ^fh^iCKO 

^^—r-^rjvmji mm.'^mt^mfo rtuni , r 

TUN 2. STJ^Rtuns SrHet-rSo 
h^>>?y;^TTUNi (Rtuni ) , T 
TUN2 (Rtun2 ) , RXI'T 

TUN3 (Rtun3 ) <r>^in^in\ZX,^X^:^htltz. 
SStfl. h^:^v^:^i$' Ttuni , Ttun2 . RXJ^T 

T UN3 (DAtim::-m^^ti^fSiRjjm2<Dmmmm 
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Vi RU^Vz {c^<:>xmt>^o 0yx.fi. hi^hs miR 

TUN3 ^m-x*^^fj:hit. ^tih\^m:^ti,miM 

ji^m.t7ii>mC{cfj::5Xih^^ (Rtuni = 

RTUN3 ) o hy:y:^=^>'yi^ ^^^^(ommttitimWt 

i 1 = i i , i 2 = (- i i ) {;iov^Tf;i. d^^^^-t 
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Enm .V 
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Rtuni =Rtun3 , Rtun2 l^^-oX^it 
ir^a W-h. mM(D:i<Dm^\^. Rtuni , R 
TUN2 . SU^Rtun3 (Dm^Xh^o '^t^<Dh9> 

^6«J#&t:ii:oT'&ff (2 Rtuni +Rtun2 ) ^5 

[0 0 14] mMM2 6 o(t. r :^mw(^.x'h^ ^ 

^^^^vxf^i. (i/R) CO (Vi St/V2 dfe^i- 
[0 0 15] A;^ h^>;^=i^^i$^^ i5^om?JfL^Sfe5i«9 

K ' :7^ — hv^2/ij7 (CM:7>r— K>'^5/i5^) lHlgS3 3 0 4o 

[0016] At) Vyl^:^^ l^^^ ^ 3 0 5 . -^tt-e 

^tmmm^^^h \.xmm.^^w.\mi%2(DW7^3 5 

Omy^Z^O^^t^^ »l<D|f!5^>3 5 Ofi. »l36^e>^ 
A%X(OY=7l^i>:^^T\ , T2 , T3 , 
tfo ^2C7)$B5)'3 6 01^. 5/0^^11 7 *T-0 h^V-:^ 
;^^T5 , T6 , RXITi ^^tfo 

[0017] mjBESo^mgft;j^7^T y ^^^/lEjgs 3 1 0 ft. 

2fli(DMib*rSr«^i-^^8 7&^ibm 1 1 ^T'O h^>^v? 
;^^T8, T9. Tio , StKTii ^-^tfo Il8 2at^ 50 



^90 h^>v^^i$^T8 S.U?T9 fi. HBc^MKj^^ff^ 

1 I ft. fi!l<Olli(i^?r?f^^i-^o 
[0 0 18] A;^ h^:/;^:^ v^>J' ^ 3 o 5t;iJ:oT^ 

T9 , Tig , SU^T i i 2<B<D^i(l 

LTffij^as i ou t 1 ^t>M ou 12 fce^^tt^o 
cOlHlS&ft, m>^(Dmm^tlti^ (stacked stages) Sr« 

[0 0 19] 0 4 ft. ^#;t^fig;^cCif*i§560g3:ftBl^^ 
N • h'yl^^^^l^y^ ^ (T1-T3 ;T2-T4)ffl 



T3 ) mm^ (T2 S:TJ«T4 ) 



^>'v^;^i5'Ti ;6^^T6 ^T*,i:. :ft!lSilSirL^g4 1 0 
t. miRXfm2<D^m.4 2 2Rr^4 2 4t. mi^-h 
m4^X<DmmU4 3 2, 4 3 4, 4 3 6, S.tJ^4 3 8 

[0 0 2 0] Mmm^tjims: 4 i o ft. 2 n m(DMMM 

jgSiRAi ^^hKAn Rbi :^*ibRBn 4 

afcm:i. (2n+2) fliCO;^-r >;/^Sai ^>ibS 

A (n +1) Sbi :^^^SB(n+l) ^ 

<Dm^<DXol^, ;^>r';/^SAi /J>^^SA(n + i) * 
X\ RXJ^. Sbi ^5 S b (n + i ) "tT'fi. ^P^lSfet 
iSSRc &^ftiJSin^aRLL ;&^ffiiJSfeiR 

[0 0 2 1 ] ||3^0^M4(0 h^>^v^;^^T3 . T4 (7) 

mm.n. i^mmui7imm4 i o<75^»«jtcgE«^ix>^c>? 

:y7'f^?iA$ti.^o :icoJ:9(-x £i51^^l!l}g^33^SR ll 

[H]£Si:l^«f::. 4'*e&iiS®Rc (7)Mffifcmti.5o 
[0 0 2 2] fi^oT. :^mm(D^mt^ mb^<Dh'7> 

[0 0 2 3] 
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[00 24] h'7:^:^='>i^i'^{-i, mi?<tlW£RXJ^ 
100 2 5] msiSimi. m2y-h'tm4ky-h't<r> 10 

[0 0 2 61 K[HlSS(4. l|3rta5mii^BLD«m4 

i^asmssrsttsi'?. »itii;^msit&t;«^2a;^ajj£S: 

7;*-— /Wt^'s' K • ;*;^='— Ki: LTt) 20 
[0 0 2 7] :*:^BjOfl!l(^««{rJ;ix«, A;^mJE 
XU«^2A;fj«JE^S{t®'5, ^ 1 l^a5«j)ftS.t^m 2 

m 1 (*3g|5«jjfc^g(tfl "0. MS/- Ktd^ 3 [*3a5«JS£^ 
^^^^^m\WSnM^mii. ^ 2 y - KT-^ 2 l*3gBm 
g£^Sltlfe'9. M4/-K{;M4P^lfl5m?jK^^^$ii:5 
^2}g;^(p]Sgfflt, ^3rtgl5fl;?tSt>*^4(^|fi5m?rS: 

iESi5|i^$tv5„ 30 

[0 0 2 8] H 1 igfeiiEiss^tt. ^sy-Ki^sy- 
Yh<D \z. m.n icc^m ^ ttfc p e i m.^ t. ( p + 

1) <B<o»i;^l'2/^tSr*L,T't>J:v\ (p + l)ffi 

(p + l) pco^l :^-t' 3/5^<75l^<75~o(c^g!$tt;5i 

v\ (p + l) <B<o^2;^'< yf^w^rti-^'ttli, 1^2® 4o 
gtro^n^ix^ss (p + l) ffl<7)^2;^-i' s/5^cDF*9(0-o 

ic»i^^ix5a; ^2y-Ki:. p <@com 2 gfet<7) 

[0 0 2 9] ^ i »O^lS0tZ^t|5^ i#<??Sl2igfet 

14. I^Cffi^j^or r(0«-g>(cf4, i 

tt, i/5^e>p*r-(^^^r-fc€>o li)f^^"i4, ^i;^-^^ 

[0 0 3 0] mi ;^-ry 5^^^ 05^2;:^ -ry^»4-?:iv^ 50 
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[0 0 3 1] $e>(cftli(7)ffi:8lf-iixli, miA;'3mffiS 
tJ«a^2A;^®E^g:itli«9. M 1 i*9SI5miiES05|| 2 rtSf 

«^^tb!;'3i-5 h 7 if t. mi y- vx-m 

IfHrnrnm-i^i^WL*) . 113 y- K(C^3F*9a5®jSiE^^ 
^^•arSllKOR-nRlHliSPi. H 2 y - KT-^ 2 
^fl5«JfEiSrSftSJ'9, m4y-Kr'|g4rtgBmaE*5g:^* 

-i±5m2(DR-nRiEissffli. m3\^umm&rjm4^ 
umm.iSii-f^'o . mitiitimmRu^m2tiitimm^m 

[0 0 3 2] SffffiHl (^R-nR[HlESffi(4. mTfEII 3 y 

- h'tms y-\''t(Dm\zmm^mm^ntLpm<Dmi 

SSit, (p-l) <@©m2ei5ti:. (p + l) ffl<o|| 
i:^-!' -y^ttrWU, BtrfSpfiro^ 1 ig6t<?5rtW— 
m 1 S*i<^S^Si5ro^tL^*tt^StfFfE (p-l) m(Dm2 

mi7L<ofH(D-'oicmm^in^xoiic^ wsm (p-d <i 

<Dm2mM<D^ti'eMK miS^sy-Kt. MISpii 

con 1 m.m.<D\H(Dr.-o(Dm i efitco^-g-^is t orB^ic^i^ 

$tt. miiEMl e6i<0-?:ix^*tL^5ffi|E (p + l) fUcD^ 
1 ;=^-r s/^rortw-oic^^^ttSJ; iuia (p + 
1) m(r)mi :^-( yf-ff^^n^M'^. mmmiy — h- 

(Dm\z.mm^tt^xo{ci,xhx\^\ mmic. mmm2 
<DR-nR]Ei^mt)K mimm4 y — h'tmmms y~h' 
t(Dm\^\^mzw^^tiftpm<r)msm.in.t. (p- 
1) m<r)m4m.i7it. (p + d mcom2:^^ •y=^t^ 
mmpm<Dm3i&t7ico\^(D-'0(Dm3m.iin.(Dm-t 
^(D^ti^'Mmm (p-l) m(Dm4i&m.<Dff^(o—r3 

izW^^fiZX^iz. HtrlS (p-l) <@wf^4Sgtc^^ 

n^'M'^. Htjisil 5 y — K t , tfrlEp<@w||3igiaro[*9 

(^)-o(On3jgm(0^-a-a5i:(^ra{cg^igc$tL, Bfrf5ll3 
^t7L(0^ti^'Mmsi (p + l) ficoM 2 ;^-r 5/^^(731^ 
o{c:g^M$tL-5J:p{c, tfrlE (p + l) fflrom2:x 
s/^co^ix-etL*5, SulEllS y— Kir, S9f5pfi(0|g 

3 m.tn.<Dff^<D-^<Dm 3 ffifetroigifp i: (Dmii^mm ^tii> 

[00 3 3] i&f^tfJft, H 1 s/^roi^W-oSO^^ 
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m»(Dmmm^<r)p^(^—^izi.':>xmm^ti^h7 

[0 0 3 5] m2#^^P>» (p-l) #*T-(^Slffiet 
2it5m2#;i»t>m (p-l) #*T?<^m3lgm(4^T, 

mi«*t(t^it*5, mi^Rxfmp^<Dmii&t7it. m 
i#aT/Mp#<^ii3«ett, (p-l) <@«ogi2ffifit 



11 



(7) 



2002-185259 



12 



t. (p-1) m<Dm4m.tiit\t±x. 
«:f&^c^5^^^L^^ll2g^«^i$oc.h;55^*Lv^o R 

[0 0 3 6] :^^m(D±mRmiii<D g e^^u^^u^Sf^. 

[0 0 3 7] 

[0 0 3 8] yi-r'^;/ K • K • 20 

^;l^$i^Tl^-5o ia5f:i. h ^ =3 ^^^^^^ ^ ^ , 

tlX\/^^^^^ U^jL^— • K (regular cascod 

^}l\>X^^^ 30 

[0 0 3 9] T^ti h ^ 5 1 0 m^ftai 

:&lS=[El^5 3 0^ffi;t7tPMOS^i()^5 2 0 ^-^t^o 

^ib^5 2 0fi. 2<@(^^ib h^>'v^:^i$^TDi ;&r;5T 

[004 0] h^>'v?;^i5'TD3 , Tli , &T^Tl2 

tcRiAp^tL^-^^-r T;^a:ffiVBP , Vbn fi, ^iMK 
iib. at;^. ^2^i&h^vv;^:^^TD2 mj^%2%-m 40 

[0 0 4 1] /UT^^y K • ij:^^— K5 4 0(i. M 

5 4 2 ^ . Mti:7^-/UT':y K • 
K<i: LTS^$tLfcmi;6-P>^4-*T-(D:7;i--yw-7^'y K 

K- h^^v'^^TFci . Tfc2 , T 
FC3 , Xt;«TFC4 ^lS.OJ^2(^mSfLM:&^^5 

(Ri =R3 ) ; (R2 =R4 ) 



5 2S:tJ^5 5 4 <h^^tPo =3^>-^-K;^^ 
li*IS5 4 2Sr^tf:7^~ hv<2/tJ^/i— :7'{cJ:oTK:£ 

FCl , TfC2 , TfC3 . 5.r/TFC4 J^. SiSC^' 

K • ;^:^=r- K5 4 0<DA;^^>'fc'— i/v;^^Ttf. ttJ 
FCl atJ^TFC2 t;6S-C^^o 

[0 0 4 2] j^T<^»*bv^*JS?i^flgo(5t -y 

<TtfSw,i:;65T#5cOT% :7 — yWy^ :y K • ;^ ;^ — 

- KA;^-r :/fc:"-y>^:^ti. (^) X^^}iHfS:^ 
[0 0 4 3] EI7f^. 4>P«^tc:{4S-t-^S6t7^w'^Wi5^Sr 

^7 00\^. h ^ V-y^ n >'^;J^ ^ 5 1 0 . Hi :RtJ«|g 
2c^}gfeiy^^^<><^7 2 0S.t;^7 3 0 K3^ 
^—/v'fy Y ' ti:^^—Yb 4 0 ti:^'r^o %1 
S$tx>r/^'Y^f^> HlS:I/ll2c^®tn[Ri ^t/R2 ^ 
-^tPo M2lgSL7=^-f ^M^Ji. ll3S:t>*H4(DSfei:R3 
jg:t;^R4 ^^t?o 
[0044] IIKjA;':?®^ v i n = ( v i n 1 - v 

in2 ) t^ljJ^CT ( h^>';^=I>'^^^>':^gm 

o) h^>'>^=3>^^^ 5 1 0{CJ:«9^^$:h.^|libm 
Hl^t/^2(DSi7LT'^/^^^5 2 02ar>*5 3 0 

KX(i>';^-/^-r5/ K • ;^7;^=i- K (FC) ^ UT<^{g: 
A:^;^ ^^t:''-^>^;^St-A;':?i-^o 

[0 0 4 5] mit^hW,4^X(Dm}iRi t^h^A ^X 
[IS4] 



i?2 ^4 
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[0 0 4 6] ^ (3) (o^m^. ^^^titL\B\^^mm 

(4) 
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10 

iouti =i3; iout2 =i4 

iodif =(ioutl — iout2 ) 
=(x-gm) -Vdif 
= (gm) eq - Vdif 

[004 7] fifoT. J^m^m-^. {STbfc^tf b^V 
:^=^>^y^ ^i^::^ (gm) eq = (x • gm) irm-t^ 

[0 0 4 8] ^mm(DmiRxj^m2(D»^i.\^^mmmm 

/•=^>rT;^^ffix.fc:7;*-— /ut^'-^ K • K • h^^- 30 

^ 8 0 0<7)[p]gg[i]'efe5o 

[0 0 4 9] [S8c7)[H]^{C:^oV^T. g] 7 tC:JoV^TRi ^ 
U^R3 tdSJIE^n/cAC^^ V KSfifi. ^^-•>^;j- 
— /i^x:y K • K8 5 Ot::J:oT^W^tt^o ¥ 

• K • K8 5 Of^. ggibW^i 

:7;i-— K • ;^>^=2— K5 4 0 i 1^ CA;/JlHlSS2^rj? 
>^MT;^SrSFOo :7;d-— K • = — K5 4 OS. 
T>'^^— • yir—f\^'fv K • K8 5 0 . Woi 

Ri , R2 , R3 , S:t/R4 coiSat-I^CDCffiJESrS 
Wi-5o ::(7)j:5tc, ^tte><7)getSrSfDn^DcmSfL(i 40 

[0 0 5 0] ii]9{^. :$:mm(om2(Dm-'^i.\^^mmmm 

;^^ffi;t:^ci:7;^-— yixT^^^;/ K • ;^>^=»— K • h^>'x^3>' 

- • :7;^-/U'7^>>' K • ;*7><.=2~ K8 5 0;d^. ^— {S-Y^^ 
\^'-y:^:^Xt)y::^—/^'f y K • K9 5 OdS 

#ftx.ejixfc^^l^#. llI8(Dtc7)i:f^i:T*fe5o 

v;^^ 5 1 of)^h<Dm^m^<D^W}^^\cx 50 



(7) 



(8) 

[0 0 5 1] lai Of^. :^mm<Dm3RXfm4<OtS''^l. 
K-;^^=i— K- V>^i3>yi5^>$? 1 0 0 O^^i-lHl 

ssia-e&So HI 1 0 oiEiKf^ . iii9(7)iHji£S;^i>ib9R^Lyc: 
^ i^^^ ^ 5 1 0 <t . Hi 2 cojg^iHiss^ 102 

0SU^1 0 3 0<!r. ^tiy^—J^fyY*ti::^^—Y^ 
4 0^. ^<>fT;'^^-^;t6^^- — >Vi//u^:/K?i^ • 

:7;^— /U'r':^ K ' K9 5 0 ^Sr-i-ti^o HliSfet 

iHJSS^fi. lHl^fflf^tC^iS^iT./c«icfflCOHl}&^R 

Ai ^>?3RAn *T'<i:. V'yiy'^^^y^^ ^ ^ \ 0<D^ 
;^S:miSStlHlKffll 0 2 0 (T^^f^^^W^C^^^ 5/:7'^cS^gc■r 
5^^^aom l :y^S ai ;O^^SAn+l ^T't^ 
^tPo l^ltt-. H2SStlHlS&^l 0 3 Of^. [HlS§^l^{;i 
SSt^n/cim^fi(^H2S5LRBi ;O^JbRBn ^T-i:. 
V^iy:K^:y^^ ^ ^ 1 0(7)tti;^j^»2S&tlHll?S^l O 

3 0 (onm^mfa^ y':/{cmm'r^mwcm<Dm 2:^^ y^ 

Sbi d^^Ssn+i ^T-ir^^tfo ^tL-eti.c^^^'&tC 

[00 5 2] k=l, .... ntC>y-LTRAk =R 

Bk =RkT*fc'9. >^^:y^SAk S.t>*SBk 

(Rai =Rbi =Ri) , (Ra2 =Rb2 = 

R2) , . . . (RAn =RBn =Rn) X^^t^^ 

(Ri =R2 =Rn) t^'Z^'r\^hJSL^ir^^jZ,m\'tt^\^\ 
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M 



It = 



M 



(9) 



(10) 



::r-r-, k=i, 2, nffo^o 
i^j(n+l) = 0 



(*) = 



\jmt J 



r n \ 



(11) 



(12) 



err-. k = l, 2, nr-fc.5„ 
[00 5 3] lHlSS^<*<^^tf h 7 v;^ =1 ly^^ ^ .y^ 

[IS8 1 



(a„)^(n+l) = 0 



(13) 



(14) 



T*foi9. k = l. 2, nT-feSo 

[0 0 5 4] [11 Ifi, *:^P^(^^3 0$?4Ll/^^i 
m^^. Hi 0c^iE]KoJ:i9Plffl?ie[HlS&|gl-Cfe5o *9 
A«^6^{;ifl. 0 1 1 ft. [H 1 0 {C:^$ttfclElSS<:0SfeL/ 

h^Vv^^^^^SS^iJT'fc^o 5 1 0 

;^^ibODCML(7)ttJ;^m»ft i 1 ^XJ i 2 ^^fic^N 
MO S;^>< ry^Vi/ • h7>v^;^i$' (Stai t^^S 

TAn StJ«. StBI ;d^t>STBn * T*) O 

:^:7r--y-h) ^ii CT afflc^SfetlnlK^ 1 0 2 0 
(Rai ;6^6RAn ^U^1 0 3 0 (Rbi t^h'R. 

ftilSft. /<'Yr;^[H]£& • • :7;^— ^'Ut^^-/ K • 

= — K9 5 0 (Tdfci , Tdf c2 ) (D^^^T^^ 

K5 4 O<7)2<B0O55'lJ$lCjg;^^n. ititih^^i^::^ 

r;^^?ixSo rcoj:5{-. KC, D, S^t/JEtcjatt 

Vc =Vd =Ve (2 4) 

rt^rirlt. A;^ h^v^;^^^-^^^^^?^;^^ (I i 

DTDl I = I DTLl ) RXJ^ ( I I DTD2 | = I 

DTL2 ) ^nr>X^\Cy<^T^:^titit^{:i. Sfet® 
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110 2 ORU^l 0 3 0^^iv^jE^(DDCm^7li^M 
[0 0 5 5] :y^fl. ^JPff-^C 1 ^-hCn ^X*{C 
Pi-coCk (k = l n+ 1) {t-^2:>5fc'5w.t 

ibm^L.\f\ mmm^-ci i^i^hcn+i *T-sr^;*-r^ 

"STHE/c^^'&fCit. y^i:^^/ummnm (digital control 

word) ^m^-it-r^^t{cx^h<Dr>h^o 

[0056] hl^hCk t^T^'r^-:/ (NMOS;^-r y 

±is^ (1 3) mi (1 4) fcsfoT^tg-r 

[00 5 7] jgStlHlK^ 1 0 2 0:RtJ^ 1 0 3 0 <^SSl 

[0 0 5 8] igi2ft. if^w^R<D%^(on^\.\i^'mm 

RAl /S^^jTRAn ^-e. &t/. TrBI ^i^^bTRBn 

^T-) j:oTg#ft:te?i^TV^-5. 11 1 0 <7)|HligS<D h 

' y — ^mmt. ^ir^-ifnr (^) T*fe;5o 
><.i$^ft. KT*ii)<^-r^o 2 ^^T^/l^ (square- 

law model) -Cfe -Silk #(7:) h ^ >^v^;^ iJ' CO Klx^>^ • V 

— ;^}g^Rk ft. 

[»9] 



1 



(25) 



t^j:^o ^w'Cs j3 k ft. ffiSte (strong inversion) 
fC:Jofj- 5 h ^ :7 r — • p< — (transfer param 
eter) 
mi 0] 



Vcsk ft^— h 
TH ft^kSco 

[0 0 5 9] ^<Dm<D±X 
m 1 ;0^^^4 ^T*0^ai — 
ansistors) Tci , Tc2 

tf/<-rr;^®m^iiSii 2 

SIEVbg fCj:oT^WT 

m\^m\^^(DX\ ^tih<Dy 

f::^3ft 5:^TO h ^ >^v?:?^. 
[^11] 



o h^>>^;^^(7)y— hft. 
V- h^^i^:^^ (chain tr 
, Tc3 , RllTcA 

6 o\z.x,-:>x±js.^Mz.n\:. 
— ^mEEftiBii: (vb ) T'fe 
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(0 0 6 0] lai 3f±. :^m^n(OM S (DttJ-^ L\^^MMM 

lSU^Il2(DffiStlpIK^l 0 2 OStJ^l 0 3 0(i. mi 
StJ^m2c7)R-nRlElSS^l 3 2 0^I>*1 3 3 0 (ftt? 

lSt/m2(DR- 2 RIHIl^^<Dffiffl?r^LTV^;5;0^ n 

[0 0 6 1] El 1 3 tC*5{t^R - 2 RlHjSSffl 1 3 2 OS. 
1 3 3 0 oti, h ^ = 5 1 0 

^f\.^^<0^ti'7^>'\zJm^^^^. *fc. R-2RIHI 
KPl 3 2 OSU^l 3 3 0CO2 R^<0$>|I$cortcO— 

K • K9 5 0(75/^>rr:^>^Et::g^M$ix5o M 
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\Rn%^(o^^m \ 3 2 os.r/1 3 3 ocDp^asy— K 

O^tt^'ttt-fi. Ai t^hKn SU^. Bi ;5*bB 

[0 0 6 2] V'7ly:^^ly^^ ^ ^ \ 0(DWxt}VX. 
5/^Sai ;0^?3SA(n-i) St/Sei S 

B (n-1) *T*S::fr LT/— KAi t^^K (n-n 

s.r>\ Bi t^^-Q in- 1) ^x-\^^ti^^rimm, 

^ V;^ 3 1^^^ ^510 (Dm:hn^y<-^ry^j^.K{z^m 
— K5 4 0tCi5ft$^<^V\ :x^:y^SAn :S-t/SBn fi. 

h^vxziv^^j'^ 5 1 o<DttitiU^Mft'r^y^—/^ 

7=^:7 K • K5 4 0<DA;^a5{;il£St-Si!L. C 

tl{CX^nt7i'f>(y<'^y\B\^mi 3 2 OSU^l 3 3 OS: 
iilHl^i^r^o "ttl^^tlCD^^mi 3 2 Oj^itl^l 3 3 0(C 

[0 0 6 3] h'7ly:^^l^^^ ^ ^ 1 0(DK^mf3U 

tettS;^g|5;0S. ;^-r5^^SBk 5:3 LT^ 2 (T^HIj^JH l 3 

3o<Dy-KBk \zmm^f\^^t^. mtimMi 

o u t 1 i o u t 2 fix 

[^121 
(15) 



(16) 



i(«) = »i 



'«.2(0) = 0 



l„,2(*) 



-(3-2"-'}'* 



(17) 
(18) 

k= 1,2,..., n-1 (19) 



[0 0 6 4] ^co^m, ^frco h7 v;^=i>'^^^'^v;^ 

[|gtl 3] 



(20) 



(21) 



(^-)^(«) = *, (23) 

so 
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[0 0 6 5] Lfc;6SoT. 11 1 3 . h^:x>^=r 

[0066llll4fi, [ai3 OlHlg§C0 J: «9 pa^klH]^ 
^51 0;6>tbc7)DCMLtti;'jmSS i i ^XJ i 2 fi. 
V'v^^^^J' (Stao ;6>ibSTAn ^I>\ Stbo 

(y- KAk 25Li5Bk LTo r::T\ k = l, 

2, . . . , n-lT*fcSo ) 2fflc^R-2RSfeL[ilK 
kzMM. Xfi. y:/:/- K (dump node) Et;i. 

E^n^o mrm^mr s 2 oSltj^i a 3 0(0 J— KA 
n SO^Bn (i-e^x-^ix. K • :*>^=i— K5 

Ojget<7)i5^>>^ • K (dump ends) ft> — • 20 

5 0Ji. ■:7;^— /^y^:y K • K0 2*:<D5i-H^JcS 

mvFc ^J^-^-fTx^ttTv^So -^co^m. ffiftilHl 

gg^i 3 2 osu«i 3 zo^mk\^^iE^<r>'Donmtm 

[0 0 6 71 :y^f^. SJ^aif-^Co ;6^^Cn ^T'tC 
J:oT$iJ^^tt5o --*t--o(DSiJ»m-^Ck (k = 
0, 1, . . . , n) (D^-h^T ^"T -(y^-Qh^^^-Xz-h 30 

[0 0 6 8] t Lt^Ck ;^5T^^^:7'T-fe"9 (NMO S 

;^>r !y^^/>^ ^^>'v?;^^o:^^^^^^-r^--</^') T-fc 
±fB^ (2 1) . (2 2). my^ (2 3) tcesoTibf^ 

[0 0 6 91 01 5{i. -^m?i<OW»^(r>U^\.^^%mB 40 

^>^;;?.=rV^^>5?(^;rcJ?>t;i|i!l l{C*5V>T^fT^ix6i() 
^^i^Sf*. HI 5(D[H]Kt;i:JoV^T. U:^^^— • 

5o :i60[Hiss{i. miRv^m2(Dt&t7immmi 0 20R 

1 0 3 0 ;dsmSf-«^ htitzAt) h ^ n 
5 10^. K®gK:7;^n *7 1 5 4 0 y<^T so 



1 5 7 0 eh ^*i-^o 

[0 0 7 01 ;«7;^3— K®g£>^:^o 17 1 5 4 Of^, Hi 

C6 *T*t. 1 5 4 2 ^ ^-^tfo ^^-^T 

:^fflffi^^:^l 5 7 Ofi. H1^U^^2CD^^><T;^ • h 

[0 0 7 1 ] ^i^cDIUSgO^^^T^miEVBP , Vbn 

Vc =Vd = Vf (2 4) 

[0 0 7 21 Y^>':^:=i>'^^ ^ ^ 1 0(DihtimM {i 

i^tu«i2) ft. HI i(7)[Hiie&o/bie>{;iift0^^n:^to 
tmm\^. mm^mi o 2 ois^o^i 0 3 o(cj:or^ 

fS^n^o ^{^^tLfcmSS i 3 RXI i 4 fl. ti::^^— K 
• >^'n 1 5 4 0(D^^ >'\f—^>^ys\:iX:^'t^o 

[0 0 7 31 ^m^^fz.mM i^mj^iAi-t. ^ti^^ 

tl. >^'—Vly:^ltiti^ i out 1 RXJ^i out 2 

'f>c^<-(y m^m^mi 0 2 o&zj^i 0 3 0) 

_blB^ (1 3) RV^ (1 4) t::J:oTtfeP>g$n§o 

[0 0 7 41 ^5^c. mi o:sir>*iii 1 3(c^$tL^iH]K 

[0 0 7 51 ft!i<^^iS?^^tc^oV>Tft. t>bfc:^;^=i — 
KX{t:7^— /WT^:y K • ;^7;:^r3^ ^-(j^p^-fj^ :y^^^y>^ 

;^;65+^{£ttttJi. [H CA^t;i3fe^iJ(c^i@(^}g;SL[HlifS^ 

[0 0 7 61 ^«btc*fc. mmit^i. B 

iCMOS (/^-YtK— vCMOS) HJE^iJt^J: ^^tCftfeCT) 

[0 0 7 71 *^§e{t. #:S:<:o{-^^s^/<^^iS®^twJ:o 
gi^:s:t>*iftpj ^ rLfzmf^Rxfmi'^'t (Dh(D \c^^m ^ m 

112121 mSifE;^7'r y >'^ffl<?5saS*5'Jc$ix:/5: 
5o 
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[115] mW}mtiy:^-yi-'f^y K • KSr^ix. 

m 6 1 A;^©fflco5>gl^tt/cA^«ri#oIIl 5 cDSK 

[SI 7 1 ^miziiLS-r^m.iTiy'^ >/?r«Sx.fcfi&3fe 

[1119 1 *M?^^^^2<?5^ff*LV^^^S?^^^{;lJ:5. 4^ 



10 



[mil] *^P^0^5(^)$J^Lv^^J®?f^^tcJ:5. 

1 0 (T^iEisso J: Pffl/^mssii-efe^c 

[1^1 21 *^PJ(D|g6c7)$f^LV>^jffiff^^fwJ:^. 

mi 0(7)[H]Sg(7)J:t9P*B/^[nISSlIlT*fe^o 

[lai 3] *^PJ^^^7^7:)^^*Lv^^j^?f^^^;lJ:5. 
;^ ^}^o 4» r«T {:i{K:g-r 5 R - n R ©SSffl ^{i x. :7 

imi 4] mi 3<Dm^<DX^nmfj:m^mx^^. 
[nisi y^^m<Dm8(Dtt^-^i.\^^mm,mm{^x^. 

hy>y^=' ^ ^-^^ ^^^o^T^^tciim 



[mil 



[mei 
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1. Title of Invention 



DIGITALLY PROGRAMMABLE TRANSCONDUCTOR 



2. Claims 

1 . A cascode transconductor circuity comprising: 

a transconductor receiving first and second input voltages, and outputting first and 
second internal currents; 

a first resistor connected between first and third nodes; 

a second resistor connected between the first node and a fifth node, 

wherein the first and second resistors form a first resistive divider that receives the 
first internal current at the first node, and generates a third internal current at the third 
node; 

a third resistor connected between second and fourth nodes; 

a fourth resistor connected between the second node and the fifth node, 

wherein the tibird and fourth resistors form a second resistive divider that receives 

the second internal current at a second node, and generates a fourth interna! current at a 

fourth node; 

a cascode circuit receiving the third and fourth internal currents and supplying first 
and second output currents; and 

a dummy folded-cascodc connected to the fifth node. 



2. A cascode transconductor circuit, as recited in claim 1, wherein the dummy 
folded-cascode is a single-ended low^impedance input folded-cascode. 
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3. A casccde transconductor cinniit, comprising: 

a transconductor receiving first and second input voltages, and outputting first and 
second internal currents; 

a first resistor network receiving the first internal current at a first node, and 
generating a third internal current at a third node; 

a second resistor network receiving tiie second internal current at a second node, 
and generating a fourth internal current at a foivth node; and 

a cascode circuit receiving the third and fourth internal currents and supplying first 
and second output currents. 

4. A cascode transconductor circuit, as recited in claim 3, wherein the cascode 
circuit is a folded-cascode. 

5. A cascode transconductor circuit, as recited in claim 3, wherein the cascode 
circuit is a regular cascode 

6. A cascode transconductor circuit, as recited in claim 3, 
wherein the first resistor network comprises 

p first resistors connected in series between the third node and a fifth node; 

and 




(24) 
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(p+1) first switches, each connected between the first node and an end of 



one of the p first resistors, such that each first resistor is connected to two of the (p+1) 



first switches; and 



wherein the second resistor networic comprises 



p second resistors connected in sories between die fourth node and die fifth 



node; and 



(p+1) second switches, each connected between the second node and an end 



of one of the p second resistors, such that each second resistor is connected to two of tiie 
(p+ 1 ) second switches, 

where p is an integer greater than 1 . 

7. A cascode transconductor circuit, as recited in claim 6, wherein the fifth node is 
connected to an AC ground voltage. 

8. A cascode transconductor circuit, as recited in claim 6, 

wherein the cascode transconductor circuit further comprises a dummy folded- 
cascode, and 

wherein the fifth node is connected to the dummy folded-cascode. 

9. A cascode tmnsconductor circuit, as recited in claim 8, wherein the dummy 
folded-cascode is a single low-impedance input folded-cascode. 
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10. A cascade transconductor circuit, as recited in claim 6, wherein during 
operation, only one of the first switches and one of the second switches are closed at a 
given time. 

1 1. A cascodc transconductor circuit, as recited in claim 6, wherein the first and 
second switches each comprise a transistor controlled hy one of a plurahty of control 
signals. 

12. A cascode transconductor circuit, as recited in claim 6, wherein the first and 
second resistors each comprise a transistor controlled by a bias voltage. 

13. A cascode transconductor circuit, as recited in claim 6, wherein the i^ first 
resistor and the i* second resistor have the same value, where i is an integer between 1 
and p. 

14. A cascode transconductor circuit, comprising: 

a transconductor receiving first and second input voltages, and outputting first and 
second internal currents; 

a first R-nR network receiving the first internal current at a first node, and 
generating a third internal current at a fliird node; 
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a second R-nR network receiving flie second internal current at a second node, and 
generating a fourth internal cuircnt at a fourth node; and 

a cascode ciicuit receiving the third and fourth internal currents and supplying first 
and second output currents. 

15. A cascode transconductor circuit, as recited in claim 14, wherein the cascode 
circuit IS a foldcd-cascode. 

16. A cascode transconductor circuit, as recited in claim 14, wherein the cascode 
circuit is a regular cascode 

17. A cascode transconductor chi:uit. as recited in claim 14, 
wherein the first R-riR network comprises 

p first resistors connected in series between the third node and a fifth node; 



connection between two of the p first resistors, such that each meeting of two of the p first 
resistors is connected to one of the (p-1) second resistors; and 



one of the p first resistors, such that each first resistor is connected to two of the (p+1) 
first switches; and 

wherein the second R-nR network comprises 



(p"l) second resistors, each connected between the fifth node and a 



(p+1) first switches, each connected between the first node and an end of 
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p third resistors connected in series between the fourth node end the fifth 

node; 

(p-1) fourth resistors, each connected between the fifth node and a 
connection between two of the p third resistors^ such that each meeting of two of the p 
third resistors is connected to one of the (p-1) fourth resistors; and 

(P^^l) second switches, each connected between the third node and an end 
of one of the p third resistors, such that each third resistor is coimected to two of the (p-H) 
second switches. 

18. A cascode transconductor circuit, as recited in claim 1 7, wherein the fifth node 
is connected to an AC ground voltage. 

19. A cascode transconductor circuit, as recited in claim 1 7, 

wherein the cascode transconductor circuit furdier comprises a dummy folded- 
cascode, and 

wherein the fifth node is connected to the dummy folded-cascodc. 

20- A cascode transconductor circuit, as recited in claim 19, wherein the dummy 
folded'Cascode is a single low-impedance input folded-cascode. 
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21. A cascodc transconductor circuit, as recited in claim 17, wherein during 
operation, only one of Ihe first switches and one of the second switches are closed at a 
given time. 

22. A cascode transconductor circuit, as recited in claim 17, wherein each of the 
first and second switches comprises a transistor controlled by one of a plurality of control 
signals. 

23. A cascode transconductor circuit, as recited in claim 17, 

wherein the 2"^ through (p-l)'^ first resistors and the 2*^ through (p-1)* third 
resistors all have a first resistance value, 

wherein the 1" and p* first resistors, the 1" and p* third resistors, the (p-1) second 
resistors, and fee (p-1 ) fourth resistors all have a second resistance value substantially 
equal to an integral multiple of title first resistance value. 



24. A cascode transconductor circuit, as recited in claim 23, wherein the second 
resistance value is twice the first resistance value. 
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3. Detailed Description of Invention 



PACKGRQUNP Of nw^ iiwBrmoN 



The present invention relates to ways of controlling the transconductance of a 
differential stage with active load followed by a cascode current follower 
(transconductor) in discrete steps. More particularly, the present invention proposes a 
transconductor with a digitally programmable transconductance and substantially constant 
DC operating point The present invention also proposes an accurate transconductance 
setting that depends on a master value and on ratios of similar components integrated on 
the same chip. 

The basic setting of the transconductance of a differential stage is through a tail 
current. The DC operating point is also d^endent on the value of the tail current. There 
are certain circuit configurations, like progrannnable amplifiers or filters, where changing 
the transconductance has to be done in discrete steps, and without affecting other 
parameters such as the distortion level. 

Fig. 1 shows a conventional digitallytprogrammable transconductor circuit. The 
transconductor circuit presented in Fig. 1 is derived from a source degenerated 
differential pair. It includes a current generator 30, right and left precision 
transconductors 40 and 50, and a degeneration resistance 60. The current generator 30 
includes a left current generator 32 and a right current generator 34. The right and left 
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precision transoonductors 40 and 50 each iiiclude a right or left operational amplifier 44, . 
54 and a right or left PMOS transistor 46, 56. The PMOS transistor 46, 56 passes a right 
or left current or I,^, and is controlled by the output of the corresponding operational 
amplifier 44, 54. Each of the right or left operational amplifier 44, 54 accepts a 
corresponding left or right voltage Vl or Vr at a non-inverting input 42, 52 and a 
feedback loop from the degeneration resistance 60 at a negative input 43, 53. The 
degeneration resistance 60 includes a plurality of degeneration resistors Rq,, Rq,, R^^, 
Rq4, and Rq5 and a plurality of prograimning switches Spi, Sp2, Sp3, Sp4, Sp5, and Sp^. The 
degeneration resistors can be classified as first and second left resistors Rj^, and R^j^ a 
center resistor R^j, and first and second right resistors R^^ and K^^, 

The right and left precision transconductors 40 and 50 take their feedback from 
taps on the plurali^ of degeneration resistors R^i, R^, R^^, and Rjj, through the 
plurality of programming switches Sp„ Sp2, Spj, Sp4, Spj, and Sp^. These switches are 
controlled by a plurality of switch control signals C, to Cy 

Through the selection of a particular pair of taps the resulting degeneration 
resistance can be propcriy divided. The five degeneration resistors arc divided by the 
switches into a central resistance R^, a right lateral resistance R|^|^, and a left lateral 
resistance Rll- The lateral resistances Rrl and ^® included in the respective feedback 
loops of the precision transconductors 40 and 50, and the central resistance j3asses a side 
current I^. The feedback of the precision transconductors 40 and 50 forces the input 
voltage across the resultant center resistance R^* 
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Table 1 below shows an example of how the central resistance and the lateral 
resistances R^^ and are determined based on the status of the programming switches 
Sp|, Sp2, Sp3, Sp4, Sp5y and Sp^. 

TABLE 1 



Spi 






SP4 






^1. 


R.. 




OFF 


ON 


OFF 


OFF 


ON 


OFF 




RqI 




OFF 


OFF 


ON 


ON 


OFF 


OFF 




Rni Rr»9 


Rni 



The central resistance R^ defines the AC current generated by the transconductor. 
By changing .the position of the taps, the value of tiie resistor exposed to the input voltage 
changes. This yields an equivalent transconductance as follows: 




Another drawback of this circuit becomes apparent at high frequency, where it is 
necessary to have high speed anqslifiers drawing important currents for the feedback to be 
effective. 

An implementation of a continuously adjustable transconductance circuit is 
presented in Fig^, This continuously adjustable transconductance circuit includes first 
and second precision transconductors 210 and 220, first through third tunable transistors 
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Tttjni » Ttiw2> and T^unj, a plurality of resistors R connected between inputs of the 
transconductors 210 and 220, a capacitor C connected between outputs of the 
tianscoaductors 210 and220» and a variety of transistors T and cuirent sources 260. 

The precision transconductors 210 and 220 each include an operational amplifier 
2 12, 222 and a transistor Ty, , T^,, and &e transconductors 210 and 220 are connected to 
have degeneration resistor. 

The output currents i^^i and i^ of the circuit are steered by the tunable transistors 
Ttuni3 f tvn2» and T^unj into the inputs of a folded-cascode. Complementary weighted 
currents are sununed on the low impedance of the folded-cascode, providing opposite AC 
currents to the outputs. 

Each of the tunable transistors Txum, Tjun2. and Tj^^ provide a respective tunable 
resistance Rtuhj* Rtuni> Rtuh3- resistance presented by each of the tunable 
transistors T^uhi (Rtuni)> '^tuhz (R-twz). and T^nj (Rtws) varies wth first and second 
control voltages V, and supplied to the inputs of the transistors Tjlwi, Tj^;^2* and Ttlwj- 
If, for example, the first and third tunable transistors Ttun, and Ttun3 are identical, then 
the first and third tunable resistances v^rill also be identical (Rtuni ^ Rjunj)* since they 
both receive the first control voltage V,. For difFerential output currents from the 
transconductor i^ « ij, i^ (''i)* ^® have: 
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jR 

The fraction of the current generated by the input 

transconductor that is distributed to the output changes with Rtunj'^J^tunj* Rtunii ^^^^ 
fraction of the current is a function of Rtuki. Rtui«» Rtunj- The global 
transconductance appears as a fraction, of the input stage transconductance. This ratio is 
voltage controlled. The dependence of the output current on the individual "resistor" 
values is not linear unless by electronic means the sum (ZR-^j^,, + Rtuni) kept constant 

The current sources 260 are preferably bias current sources^ and the resistors R 
form a main transconductance setting. In this case, the transconductance of the stage is a 
fraction (depending upon V, and of (1/R). 

Another way of steering the current of the input transconductor is shown in Fig.3. 
The circuit of Fig. 3 includes an input transconductor 305, voltage control current steering 
circuit 310, a common mode feedback circuit 330, and a plurality of transistors T. 

The input transconductor 305 includes first and second sections 35Q and 360, each 
functioning as a differential amplifier. The first section 350 includes first through fourth 
transistors T„ Tj, Tj, and T4. The second section 360 includes fifth through seventh 
transistors T5, T^, and T7. 
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The voltage controlled cuxrent steering circuit 310 includes eighth through 
eleventh transistors Tj, T,, T,o, and T,, formed into two differential pairs. The eighth and 
ninth transistors T, and Tp form one dififcrcntial pair, and the tenth and eleventh 
transistors T,o and T,, form the other differential pair.. 

A fraction of the current generated by the input transconductor 305 is transmitted 
to the outputs ip„j, and through a voltage controlled current steering circuit composed 
of the two differential pairs (formed from the differential transistors Tg, T,, T,o, and T,i) . 
The circuit has the disadvantages of requiring a high supply voltage to accommodate the 
various stacked stages, and experiencing difficulty with digitally controlling the current 
steering. 

Fig. A shows a design for a switchable amplifier. This switchable amplifier is 
similar to the circuit of Fig. 1 in that a resistor string is used as a degeneration resistor for 
an enhanced transconductor (Tj-Tj; T2-T4), i.e., (T, and T5) and (T^ and T4) each form a 
composite transistor. This switchable amplifier includes first through sixth transistors T, 
to T^, a degeneration resistance 410, first and second resistors 422 and 424, and first 
through fourth current sources 432, 434, 436, and 438. 

The degeneration resistance 410 includes 2n degeneration resistors R^, to and 
Re, to Rb„, and (2n+2) switches S^, to Sy^^,j and Sg, to 8^^^,^, where n is an integer 
greater than 1 . As with the circuit of Fig. 1, the switches S^i to S^^^^i^ and Sgi to Sb(»*i) 
are controlled to create a central resistance R^ and left and right lateral resistances 
and R, 
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The current of the third and fourfii transistors T3, is injected into symmetrically 
placed taps of the degeneration resistance 410. In this way, the left and right lateral 
resistances R^^^ and Ry^ are included in the local feedback loops, but still conduct DC 
currents. In this circuit, most of die differential input voltage appears across the center 
resistance Rq, in a manner similar to the circuit of Fig. 1. 

SUMMARY QF THE INVENTION 

It is thus an object of the present invention to overcome or at least minimize the 
various drawbacks associated with conventional techniques for controlling the 
transconductance of a differential stage. 

In an effort to meet this and other objects of the inventton, and according to one 
aspect of the present invention, a cascode transconductor circuit is provided, i.e,, a 
transconductor with a cascode output stage. This cascode transconductor includes a 
transconductor, first through fourth resistors, a cascode circuit, and a dummy folded- 
cascode. 

The transconductor receives first and second input voltages, and outputs first and 
second internal currents. The first resistor is connected between first and third nodes, and 
the second resistor is connected between the first node and a fifth node. The first and 
second resistors form a first resistive divider that receives the first internal current at the 
first node, and generates a third internal current at the third node. * 
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The third resistor is connected between second and fourth nodes, and the fourth 
resistor connected between the second node and the fifth node. The third and fourth 
resistors form a second resistive divider that receives the second internal current at a 
second node, and generates a fourth internal current at a fourth node. 

The cascode circuit receives fhc third and fourth uitemal currents and supplies first 
and second output currents. The dummy folded-cascode connected to the fifth node. The 
dummy folded-cascode may be a single-ended low-impedance input folded-cascode. 

According to another aspect of the invention, a cascade transconductor circuit, is 
provided that includes a transconductor receiving first and second input voltages, and 
outputting first and second internal currents, a first resistor network receiving the first 
internal current at a first node, and generating a third internal current at a third node, a 
second resistor network receiving the second internal current at a second node, and 
generating a fourth internal current at a fourth node, and a cascode circuit receiving the 
third and fourth internal currents and suppl>ang first and second output currents. 

The first resistor network may comprise p first resistors connected in series 
between the third node and a fifth node, and (p+1) first switches, each connected between 
the first node and an end of one of the p first resistors, such tiiat each first resistor is 
connected to two of the (p+I) first switches. Similarly, the second resistor network may 
comprise p second resistors connected in scries between the fourth node and the fif^h 
node, and (p+1) second switches, each connected between the second node and an end of 
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one of the p second resistors, such that each second resistor is connected to two of the 
(p+i) second switches. In this case, p is an integer greater than 1 . 

Prefexably, the i* first resistor and the i* second resistor have the same value. In 
this case i is an integer between 1 and p. Preferably, during operation only one of the first 
switches and one of the second switches are closed at a given time. 

The first and second switches may each comprise a transistor controlled by one of 
a plurality of control signals. The first and second resistors may each comprise a 
transistor controlled by a bias voltage. 

According to yet another aspect, a cascode transconductor circuit is provided that 
comprises a transconductor receiving first and second input voltages, and outputting first 
and second internal currents, a first R-nR network receiving the first internal current at a 
first node» and generating a third internal current at a third node, a second R-nR netwoiic 
receiving the second internal current at a second node, and generating a fourth internal 
current at a fourth node, and a cascode circuit receiving the third and fourth internal 
currents and supplying first and second output currents. 

The first R-nR network may comprise p first resistors connected in scries between 
the third node and a fifth node, (p-l) second resistors, each connected between the fifth 
node and a connection between two of the p first resistors, such that each meeting of two 
of the p first resistors is connected to one of tiie (p-l) second resistors and (p+1) first 
switches, each connected between the first node and an end of one of the p first resistors, 
such that each first resistor is connected to two of the (p+ 1 ) first switches. Similarly, the 
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second H-nR network may comprise p third resistors connected in series between the 
fourth node and the fifth node, (p-1) fourth resistors, each connected between the fifth 
node and a connection between two of the p third resistors, such that each meeting of two 
of the p third resistors is connected to one of the (p-1) fourth resistors^ and (p+1) second 
switches, each connected between the ^rd node and an end of one of the p third resistors, 
such that each third resistor is connected to two of the (p-M) second switches. 

Preferably, during operation only one of the first switches and one of the second 
switches are closed at a given time. 

Each of the first and second switches may comprise a transistor controlled by one 
of a plurality of control signals. 

Preferably, the through (p-1)*** first resistors and the through (p-lf" third 
resistors all have a first resistance value, and the 1** and p*** first resistors, the i* and p*** 
third resistors, the (p-1) second resistors, and the (p-1) fourth resistors all have a second 
resistance value substantially equal to an integral mult^le of the first resistance value. In 
the case of a R-2R networic, the second resistance value should be twice the first 
resistance value. 

' The above and other objects and advantages of the present invention will become 
readily apparent fix>m the description that follows, with reference to the accompanying 
drawings^ 



DETAILED DESCRIPTT ON OF THE PREFERRED EMBODIMENTS 

The present invention provides ways to accurately, digitally program the 
transconductance of a cascodc transconductor while maintaining such parameters of the 
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input transconductor as the input voltage range. According the preferred embodiments of 
the present invention shown below, there is no DC current flowing through the resistive 
elements, which improves the matching of the characteristics of the active resistive 
elements. In addition, the operating point does not change by switching, allowing more 
relaxed operating conditions for dynamically selected dements. These circuits are also 
appropriate for operation at low supply voltages. 

A transistor implementation for a conventional folded-cascode transconductor is 
shown in Figs. 5 and 6. Fig. 5 is a block diagram showing the transconductor and 
cascode or folded-cascode, while Fig. 6 is a transistor diagram of ffae circuit of Fig. 5. 
The circuit of Fig. S includes an input transconductor 510 and a folded-cascode 540. 
Although in this disclosure^ a folded-cascode is described, any sort of current follower, 
such as a regular cascode, etc. can be used. 

The input transconductor 510 includes a PMOS differential pair 520 with a current 
source load circuit 530. The differential pair 520 includes two differential transistors Tp, 
and Td2, and a current source transistors Tcs. The current source load circuit includes two 
load transistors T^ and T^. 

The bias voltages V^p, Ygj^ applied to the transistors Tc^, T^, and Tl^ arc generated 
by a circuit that establishes the same DC currents through the first differential transistor 
Tp, and the first load transistor T^i, and through the second differential transistor Tj^ and 
the second load transistor Tj_2' This way, the net DC component of each of ihe 
transconductor output currents is zero. 
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The folded-cascode 540 includes a subtracter/amplifier 542, first through fourth 
folded-cascode transistors Tp^j, T^q, Tp^j* ^ra* connected as a differential folded- 
cascode, and first and second current source loads 552 and 554. The common-mode is set 
by a feedback loop including the subtracter/amplifier 542. The folded-cascode transistors 
Tfci» '^Fcif '^fci^ connected to operate as a current follower. In order to lower 

the input impedance and lo increase the output impedance 6f the folded-cascode 540, 
gain>enhancement can be applied to the first and second folded-cascode transistors Tpci 
and Tpc2. 

Although most of the following preferred embodiments are described with 
reference to folded-cascodes, it should be understood that a cascode could be used as well 
in each case. The folded-cascode input impedance is considered low enough as to keep 
the error of the current division at a convenient value, since the input impedance of the 
folded-cascode can be lowered considerably using techniques such as gain-enhancement. 
Therefore, for simplicity, in the following calculations tiie folded-cascode input 
impedance is considered to be zero. 

Fig. 7 is a circuit diagram showing a conventional folded-cascode transconductor 
700 with an intermediary resistive divider. As shown in Fig. 7, the folded-cascode 
transconductor 700 includes a transconductor 510, first and scccmd resistive dividers 720 
and 730, and a cascode or folded-cascode 540. The first resistive divider includes first 
and second resistors R| and Rj. The second resistive divider includes third and fourth 
resistors Rj and R^. 
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The differential currents generated by the transconductor 510 (having a 
transconductance in response to the diffeicntial input voltage Vj„ (v^, - are 
steered by the first and second resistive dividers 520 and 530. The cuirents flowing 
tfm>ugh the second and fourth resistors R2 and R4, respectively, enter a low input 
impedance stage as a cascode or a folded-cascode (FQ. 

The first through fourth resistors R, to R4 arc preferably chosen to have an equal 
ratio» according to the following equation. 




The conditions of equation (3) are sufficient for the correct functioning of an ideal 
implementation of the proposed circuit However, for an identical loading of the two 
branches of a real transconductor we will consider the following equalities. 



(Ri = R3);(R2=R4). 



(4) 



Defining X = 



, we find that the AC currents injected into the foldcd-cascode 




are: 
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where is the tr»isconductance of tiic tnmsconductcH: 510, and v^^ is (Vi„,-v^j). 
The folded-cascodc acts as a current followcTj where: 

^11 ~ h'f W ^ (7) 
The differentia] output current is: 

iodir (io«ti - ^0012) = (X • fim) • v^,,=: (gj^ • v^i^ (8) 
. Thus, the whole circuit acts as a transconductor with a reduced equivalent 
transconductance (gj^, - (x • g„), where 0 s x s 1, The value of the transconductance g„ 
is set by the bias current of the transconductor. The bias can be cither fixed or dependent 
on elements as the temperature or the frequency of a reference signal etc. The disclosed 
circuit presents a means to obtain an accurate fraction of that transconductance. 

First and second preferred embodiments of flic present invention are shown in 
Figs. 8 and 9. In particular. Fig. 8 is a circuit diagram of a folded-cascode transconductor 
800 with an intermediaiy resistive divider and dummy differential folded-cascode bias, 
according to the first preferred embodiment of the present invention. 

In the circuit of Fig. 8 , the AC ground voltage connected to Rj and R3 in Fig. 7, is 
provided by a dummy folded-cascode 850, which has identical input circuitry and bias as 
the active folded-cascode 540, The folded-cascode 540 and the dummy folded-cascode 
850 provide identical DC voltages at the ends of the resistors R„ R^, R3, and R^. This 
way there is no DC current flowing through these resistors. 

Fig. 9 is a circuit diagram showing a folded-cascode transconductor 900 with 
intermediary resistive divider and dummy single-ended folded-cascode bias, according to 
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the second preferred embodiment of the present invention. The circuit of Fig. 9 is the 
same as that shown in Fig. 8. except that the dummy folded-cascode 850 is replaced by a 
single low-inq)edance input foldcd-cascode 950. This is possible because of the 
differential nature of the output currents fiom the transconductor 510. 

Fig. 10 is a circuit diagram showing a folded-cascode transconductor 1 000 with an 
intermediary resistive network having a switdiablc transconductance, according to third 
and fourth preferred embodiment of the presoit invention. The circuit of Fig. 10 is 
derived from the circuit of Fig. 9. The transconductor circuit includes an input 
transconductor 510, first and second resistor networks 1020 and 1030. an output folded- 
cascode 540, and a biasing dummy single-ended folded-cascode 950. The first resistor 
network includes a first plmaUty of resistors R^,, to R^., connected in a network, and a 
first plurality of switches S^, to Sj^^^ that connect the outputs of the transconductor 510 to 
symmetric taps of the first resistor network 1020. Similarly, the second resistor network 
1030 includes a second plurahty of resistors Rei, to Rb„ connected in a network, and a 
second plurality of switches Sg, to 83,^ that connect the outputs of the transconductor 
5 1 0 to symmetric taps of the second resistor network 1 030. In each case, n is an integer 
greater than 1 . 

The following equalities are true for the output current in the case that 

Rai. = Rok - Rk. for k = 1 n, and when the switches 8^,^ and turned on and all the 

other switches turned off. The values of the resistances are not necessarily equal, i.e.. 
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While (R^, = Rb, = R,). (Ra2 = ^62 = Rj). • • • (Rxn ° = RJ. «* IS HOt Decessanly true 
that(R,=R, = RJ. 

i.«.(n+l) = 0 (9) 



(10) 



where k «" 1 , 2, n. 



(11) 



(12) 



where k*= 1, 2, n. 

The equivalent transconductance of the entire circuit is: 



,Z^y, 



where k = 1, 2, n 



(13) 



(14) 



(45) 



4#BI 2002-185259 



Fig. 1 1 is a more detailed circuit diagiam of the cixcuit of Fig. 10, according to Ihe 
third preferred embodiment of the present invention. More specifically. Fig. 1 1 is a 
resistor/transistor implementation of the circuit shown in Fig. 10. The DC-free output 
currents i, and ij, from the transconductor 510 are distributed to symmetric taps of the two 
resistor networks 1020 (R^, to R^J and 1 030 (Rg, to R^ through digitally controlled 
switches (transfer gates) represented here by a plurality of NMOS switching transistors 
(STx, to STj^„ and ST^i to STgJ. One end of each resistor network is tied to an input node 
C or D) of the folded-cascode 540. The other end of each resistor is tied to the bias point 
E of a bias circuit dummy folded-cascode 950 (T^pcu Tdfcz) matched to the two branches 
of the folded-cascode 540 and biased by the same Vpc voltage as the output transistors 
Tpo and TfCA- This way, the voltages at nodes C, D, and E are equivalent: 

Vc-V^-Ve (24) 
which means that there is no net DC current flowing through the resistor networks 1020 
and 1030 when the input transconductor is biased to have = IotlO ^nd (IIdtdiI = 

The switches are preferably controlled by the control signals C| to C„. There is 
preferably only one C^, (k = 1, n+1) signal active at a time. One possible way of 
generating the control signals C, to C^+i is by decoding a digital control word. 

If C,( is active (high level in the case of NMOS switches) and all of the other 
control signals are inactive, then the global transconductance of the circuit operates 
according to rules (13) and (14) above. 
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The resistors of the resistor networks 1020 and 1030 can be cither passive 
elements, such as diffused, polysilicon, or metal resistors, or they can be active resistors. 

Fig. 12 is a more detailed circuit diagram of the circuit of Fig. 10, according to the 
fifth preferred embodiment of the present invention. More specifically, Fig. 1 2 is a 
transistor implementation of the circuit of Fig. 10, in which the resistors are replaced by 
transistors (T^, to Tr^^ and T^ai to TrbJ. The drain-source voltage of these transistors is 
nominally zero. The transistors work in triode mode. The drain-source resistance of the 
k'^ transistor, for a square-law model is: 



where p,^ is the transfer parameter in strong inversion // • I "7* J P ^os\ *® S^^^' 



source voltage, and Vtk is the threshold of the k* transistor. 

Preferably, the gates of all the transistors of this example are biased by the same 
voltage generated by a bias voltage generator 1260, including first through fourth 
chain transistors T^j, T^^, T^j, and T^^. Because there is no DC current flowing through 
the transistors in the "resistor" chain, their source voltage is the same (Va), As a result the 
gate-source voltage is the same for every transistor in the chain. 




1 
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with W,^ and being the width and length, respectively, of the k* transistor, and with Wj 
and Lj being the width and length, respectively, of the j* transistor. 

Fig. 13 is a circuit diagram showing a folded-cascode transconductor with 
intermediary R-nR network having exponentially controlled switchable transconductancc. 
according to a fifth preferred embodiment of the present invention. In this embodiment, 
the first and second resistor networks 1020 and 1030 have been replaced by first and 
second R-nR networks 1320 and 1330 (alternately called resistor divider networks). 
Although by way of example, the circuit of Fig. 13 specifically shows the use of first and 
second R-2R networks, other values for n could clearly be used. 

One of the R-2R networks 1320 and 1330 in Fig* 13 is connected to each output 
line of the transconductor 510. In addition, all but one of the 2R branches of the R-2R 
networks 1320 and 1330 are connected to the bias point E of the dummy single-ended 
folded-cascode 950. The internal nodes of the first and second networks 1320 and 1330 
are designated A, to A, and Bi to B„, respectively. 

The outputs of the transconductor 510 can be connected through the switches S^, 
to Sa^^ij and Sbi to S^^^t^, to the nodes A, to A^^jj and B, to B^^,^, respectively. The 
switches S^o connect the outputs of the transconductor 5 1 0 to the bias point E, 

allowing no current to flow into the output stage folded-cascode 540. The switches 

Sb„ connect the outputs of the transconductor 510 directly to the corresponding inputs 
of the folded-cascode 540, bypassing the resistor divider networks 1320 and 1330. There 
should only be one switch closed at a time in each network 1320 and 1330. 
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When the inverting output of the transconductor 510 is connected through the 
switch to the node A^, of the first network 1320, and the non-inverting output of the 
transconductor 510 is connected through the switch S^^ to the node of the second 
network 1 330, the output currents i^ui, and are: 

''curi(0) = 0 (15) 



(*) = [ 3 2"-') ^' k = 1, 2, ... n-1 (16) 



iau.M = i^ (17) 

'««2(0) = 0 (18) 

icutiW = [j^rTjh k-1.2 n-1 (19) 

io^iM^h (20) 
As a result, the overall transconduotance will be: 

(g„L(0) = 0 (21) 



(*) = [j^^] S-n k = 1 , 2 n-1 



(22) 
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The circuit of Fig. 13 thus operates as aprogranunable exponential attenuator for 
the transconductanoe. 

Fig. 14 is a more detailed circuit diagram of the circuit of Fig. 13. As shown in 
Fig. 14, the DC-free output currents ii and i2, from the transconductor 510 are distributed 
to symmetric taps (via nodes and B^^, where k - 1, 2, n-1) of the two R-2R resistor 
networks, or directly into the inputs C, D of the folded-cascode (via nodes A^ and BJ. or 
to the dump node E, each through digitally controlled switches (transfer gates), which arc 
shown in this embodiment as NMOS switching transistors (Stao to Sj^ and Stbo to ^raJ- . 
The nodes A„ and B„ of the resistor networks 1320 And 1330 respectively coincide with 
the nodes D and C, which represent the inputs to the folded-cascode 540. The dump ends 
of the 2R resistors are tied to the node £ of the dummy single<-ended folded-cascode bias 
circuit 950 matched to the two branches of the folded-cascode and biased by the same 
voltage Vpc as the output transistors Tpcs and T^ca- a result, there is no net DC current 
flowing through the resistor networks 1320 and 1330. 

The switches are controlled by the control signals Cq to C^. There should only be 
one control signal C,, (k « 0, 1 , ...» n) active at a time. One possible way of generating the 
Co to C„ control signals is by decoding a digital control word 
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If is active (high level in the case of an NMOS switching transistor) and all the 
other control signals are inactive, then the global transconductance of the circuit operates 
according to rules (21), (22), and (23) ahove. 

Fig. 15 is a circuit diagram showing an implementation of a regular cascode 
transconductor with intermediary resistor networks having switchable transconductance, 
according to a sixth preferred embodiment of the present invention. The principle 
implemented in Fig. 1 1 for a transconductor followed by a folded-cascode is applied in 
the circuit of Fig- 1 5 to a transconductor followed by a regular cascode. The circuit has an 
input transconductor 510 followed by first and second resistor networks 1020 and 1030, a 
cascode current follower 1540 and a bias voltage generator 1570. 

The cascode current follower 1540 includes first through sixth cascode transistors 
Tc, to Tc4 and a subtracter/amplifier 1542. The bias voltage generator 1570 includes first 
and second bias transistors Tg, and T^,- 

The bias voltages Vbp, V^h entire circuit are preferably established by a 

circuit that allows the output DC cunent of the mput transconductor to be substantially 
zero. As a result, the voltages at nodes C, D, and F are equal. 

Vc-Vo-Vp (24) 

The output currents of the transconductor 510 (i, and ij) are scaled by the resistor 
networks 1020 and 1030 in a manner similar to that described for the circuit of Fig, 11. 
The scaled cxirrents i^ and enter the low impedance of Oie cascode block 1 540. 
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.The scaled currents 13 and i4 arc traBsmitted to the high impedance outputs and 
^oui2» respectively. The effect of the current dividers (resistor networks 1020 and 1030) on 
the overall transconductance is described by equations (13) and (14) above. 

In addition, the circuits presented in Fig. 10 and Fig. 13 can also be applied to a 
cascode transconductor circuit as well as a folded-cascode circuit. 

In alternate embodiments, if the input impedance of the cascode or folded-cascode 
is low enough, it is possible to attach several resistor networks in parallel onto the same 
inputs. 

Furthermore, these techniques are equally applicable to other technologies, such as 
BiCMOS implementations. 

The present invention has been described by way of a specific exemplary 
embodiment, and the many features and advantages of the present invention are apparent 
from the written description. Thus, it is intended that the appended claims cover all such 
features and advantages of the invention. Further, since numerous modifications and 
changes will readily occur to tfiose skilled in the art, it is not desired to limit fht invention 
to the exact construction and operation ad illustrated and described. Hence, all suitable 
modifications and equivalents may be resorted to as flailing within the scope of the 
invention. 
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4. Brief Description of Drawings 

Fig.l is a circuit diagram showing a conventional transconducior fliat has a 
programmable source degeneration resistor, 

Fig.2 is a circuit diagram showing a conventional continuously adjustable 
transconductor that employs tuned transistors for current steering; 

Fig.3 is a circuit diagram showing a conventional continuously adjustable 
transconductor that employs differential stage current steering; 

Fig.4 is a circuit diagram showing a conventional amplifier having switchable 

gain; 

Fig. 5 is a block diagram showing a conventional transconductor with differential 
output folded-cascode; 

Fig. 6 is a circuit diagram of the circuit of Fig. 5 having separated loads for the 

input stages; 

Fig. 7 is a circuit diagram showing a conventional folded-cascode transconductor 
with intermediary resistive divider; 

Fig. 8 is a circuit diagram of a folded-cascode transconductor with an intermediary 
resistive divider and dummy differential folded-cascode bias, according to a first 
preferred embodiment of the present invention; 
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Fig. 9 is a circuit diagram showing a foldcd-cascodc transconductor with 
tatermediaiy resistive divider and dummy single-ended folded-cascode bias* according to 
a second preferred embodiment of the present invention; 

Fig. 10 is a circuit diagram showing a folded-cascode transconductor with 
intermediary resistive network having a switchable transconductance. according to third 
and fourdi preferred embodiments of the present invention; ' 

Fig. 1 1 is a more detailed circuit diagram of the circuit of Fig. 10, according to a 
fifth preferred embodiment of the present invention; 

Fig. 12 is a more detailed circuit diagram of ^e circuit of Fig. 10, according to a 
sixth preferred embodiment of the [»resent invention; 

Fig. 13 is a circuit diagram showing a folded-cascode transconductor with 
intermediary R-nR network having exponentially controlled switchable transconductance, 
according to a seventh preferred embodiment of the present invention; 

Fig. 14 is a more detailed circuit diagram of the drcuit of Fig. 13; and 

Fig. 15 is a circuit diagram showing an implementation of a regular cascode 
transconductor with intermediary resistor networks having switchable transconductance, 
according to a eighth preferred embodiment of the present invention. 
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1 . Abstract 

A cascode transconductor circuit is provided that controls the transconductance of 
a differential stage with an active load followed by a cascode or folded-cascode current 
follower in discrete steps. The circuit includes a transconductor receiving first and 
second input voltages, and outputting first and second internal currents, a first resistive 
divider receiving the first internal current at a digitally-selected first node, and generating 
a third internal current at a &ird node, a second resistive divider receiving the second 
internal current at a digitally-selected second node, and generating a fourth internal 
current at a fourth node, and a cascode circuit receiving the third and fourth internal 
currents and supplying first and second output currents. 



2. Representative Drawing 
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